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About HuBMAP



Vision 
Catalyze the development of an open, global 
framework for comprehensively mapping the 
human body at cellular resolution.
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https://commonfund.nih.gov/HuBMAP

Accelerating the development of the next generation of tools and techniques for constructing high resolution 
spatial tissue maps that quantify multiple types of biomolecules either sequentially or simultaneously

ACCELERATE TOOLS AND TECHNIQUE DEVELOPMENT

Generating foundational 3D human tissue maps using validated high-content, high-throughput imaging and 
omics assays

GENERATE 3D HUMAN TISSUE MAPS

Establishing an open data platform that will develop novel approaches to integrating, visualizing and modelling imaging 
and omics data to build multi-dimensional tissue maps, and making data rapidly findable, accessible, interoperable, and 
reusable by the global research community

ESTABLISH OPEN DATA PLATFORM

Coordinating and collaborating with other funding agencies, programs, and the biomedical research community to 
build the framework and tools for mapping the human body at single cell resolution

COLLABORATE WITH THE RESEARCH COMMUNITY

Supporting pilot projects that demonstrate the value of the resources developed by the program to study normal 
individual variations and tissue changes across the lifespan and the health-disease continuum

SUPPORT PILOT PROJECTS

https://commonfund.nih.gov/HuBMAP
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The Human Body at Cellular Resolution: The NIH Human Biomolecular Atlas Program
Snyder et al. Nature. 574, p. 187-192. 



HuBMAP Funded Groups 2022



HuBMAP Contributing Sites



Tool Development
- Standardized Analytical Workflows, Metadata, Protocols
- Multimodal/Multi-scale data generation

3D Maps and Reference Datasets
- HRA Common Coordinate Framework
- ASCT+B & 3D Reference Object Library
- Azimuth

Open Data Platform
- HuBMAP Portal

Outreach and Collaboration
- Summer Internship Program, Jumpstart Program, Kaggle Competition 

Setup and Scale Up Phase (2018-2022)



Production Phase (2022 - 2026)

3D Maps and Reference Datasets
- Common data types:  RNAseq, multiplexed IF, histology datasets
- Build bridging datasets to link data types, e.g., cell x gene data
- Azimuth maps for: kidney, lung, colon, bone marrow, female reproductive system, pancreas, 

heart, eye, skin, bone, and lymphatics
- Human Reference Atlas for 30 organs (ASCT+B Tables and associated 3D reference objects)
- Identify and generate 2D reference objects of FTUs at single cell level
- Build out Antibody Characterization / Validation Reports (AVRs) & Organ Mapping Antibody 

Panels (OMAPs)
- Crosswalk experimental data to the Human Reference Atlas



About 
Human Re fe re nce  Atlas



Human Reference Atlas (HRA) 

Börner, Katy, Sarah A Teichmann, Ellen M 
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Brusko, Sujin Lee, Rajeev Malhotra, Sanjay 
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structures, cell types and biomarkers of the 
Human Reference Atlas." Nature Cell Biology
23: 1117-1128. doi: 10.1038/s41556-021-
00788-6. 

https://cns.iu.edu/docs/publications/2021-Borner-ASCT+B_of_the_HRA.pdf


Anatomical Structures, Cell Types, and Biomarkers or ASCT+B tables aim to capture the partonomy of 
anatomical structures, cell types, and major biomarkers (e.g., gene, protein, lipid or metabolic markers).
3D and 2D reference object capture the shape, size, and spatial composition of ASCT.

Human Reference Atlas (HRA) 



Human Reference Atlas (HRA)  

https://hubmapconsortium.github.io/ccf/pages/omap.html

Organ Mapping Antibody Panels (OMAPs) are collections of antibodies that allow spatial mapping of the 
anatomical structures and cell types present in diverse organs using multiplexed antibody-based imaging.

https://hubmapconsortium.github.io/ccf/pages/omap.html


Azimuth References

https://azimuth.hubmapconsortium.org

Azimuth is a web application that uses an 
annotated reference dataset to automate the 
processing, analysis, and interpretation of 
a new single-cell RNA-seq experiment. 
Azimuth leverages a 'reference-based 
mapping' pipeline that inputs a counts matrix 
of gene expression in single cells, and 
performs normalization, visualization, cell 
annotation, and differential expression 
(biomarker discovery). All results can be 
explored within the app, and easily 
downloaded for additional downstream 
analysis.

The development of Azimuth is led by the New York 
Genome Center Mapping Component as part of the NIH 
Human Biomolecular Atlas Project (HuBMAP).

https://azimuth.hubmapconsortium.org
https://commonfund.nih.gov/hubmap
https://commonfund.nih.gov/hubmap


Human Reference Atlas (HRA) v1.3
ASCT+B Tables: 26 tables 3D Reference Object Library: 57 organ models,  landmark 

organs, 2 united files, adding L/R breast (mammary gland)
2D FTUs: 19 FTUs 

OMAPs: 8 organs

References to papers

21 References to data
via Kidney Azimuth from 
Blue Lake et al.  paper with 
21 tissue blocks 

All available via HRA Portal
https://hubmapconsortium.github.io/ccf

HRA User Interfaces/Training
● ASCT+B Reporter
● Registration User Interface (RUI)
● Exploration User Interface (EUI)
● Visible Human MOOC (VHMOOC)

https://hubmapconsortium.github.io/ccf


https://hubmapconsortium.github.io/ccf-ui/rui/

Registration User Interface (RUI)

https://hubmapconsortium.github.io/ccf-ui/rui/


Exploration User Interface (EUI)

https://portal.hubmapconsortium.org/ccf-eui

https://portal.hubmapconsortium.org/ccf-eui


Exploration User Interface (EUI)

https://portal.hubmapconsortium.org/ccf-eui

https://portal.hubmapconsortium.org/ccf-eui


Exploration User Interface (EUI) - Spatial Search

https://portal.hubmapconsortium.org/ccf-eui

https://portal.hubmapconsortium.org/ccf-eui


Exploration User Interface (EUI) & Vitessce

https://portal.hubmapconsortium.org/ccf-eui

https://portal.hubmapconsortium.org/ccf-eui


Specimen, 
Biologica l Struc ture , 
and  Spatia l 
Ontologie s  in 
Support of a  Human 
Re fe re nce  Atlas  

https ://b iorxiv.org/c
gi/conte nt/short/20
22.09 .08 .507220v1

https://biorxiv.org/cgi/content/short/2022.09.08.507220v1


ASCT+B Tables



Breast ASCT+B Table

Capture relationships between Anatomical structures (AS), cell types (CT) and 
biomarker  (B) sets that uniquely define those cell types for Breast

● Anatomica l s truc ture s : gros s , macro and  microscopic  le ve ls
● Ce ll type s  pre se nt in e ach of the  ana tomica l s truc ture s
● Biomarke r s e ts  tha t unique ly de fine  a  ce ll type  for ce ll type  annota tion
● Prote ins  (prote oforms , transcription fac tors  e tc ), s ingle  ce ll transcriptomics  

d iffe re ntia lly e xpre s se d  ge ne s , me tabolite s , lipids , spa tia l transcriptomics , multi-
omic  (CITE-se q)

● Map a ll AS, CT, Biomarke r type s  to s tandard  ontologie s  (ube ron, ce ll ontology, 
HGNC, UniProt, LipidMaps , METLIN and  Human Me tabolome  Database s )

● Working with Harikrishna  Naksha tri from Ind iana  Unive rs ity School of Me dic ine  and  
Susan G. Kome n Tis sue  Bank a t IU Simon Compre he ns ive  Cance r Ce nte r for 
spa tia l transcriptomics  and  transcriptomics

Goals and objectives



FTU Illustrations



Breast 2D Functional Tissue Units (FTUs)

Potential FTUs for Breast:

● Terminal duct lobular unit (TDLU)
● Acius
● Lactiferous sinus
● Segmental duct

Illustrate functional tissue unit(s) for breast. Currently published as static images 
on the CCF portal. Next cycle published with interactive functionality, linked to 
data.





3D model of breast



Human female mammary gland model

List of Anatomic Structures

Mammary gland (F):

● lower inner quadrant of breast
● lower outer quadrant of breast
● upper inner quadrant of breast
● upper outer quadrant of breast
● suspensory ligament of breast
● axillary tail of breast
● mammary lobes
● areolar tubercle
● main lactiferous duct
● lactiferous sinus
● fad pads
● nipples
● areolas

Created for use in Registration User Interface (RUI)
Landmarks (F):

● manubrium, sternum, 
xiphoid process

● pectoralis major (2)
● Pectoralis minor (2)
● Clavicles (2)
● Humerus (2)
● Ribs (2x12)
● Costal cartilage (2x6)





Questions / Discussion
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